Chemical analysis of the polysaccharide showed it to consist mainly of xylose, fructose, galactose, glucose, arabinose, rhamnose, and uronic acid.
Many polysaccharides from natural sources have been found to react with anti-pneumococcal sera of various specificities, and such cross reactivity has been used to study the structural basis for the development of specific immunity (2, 3). These cross-reactive polysaccharides might be of great value in the preparation of vaccines against pneumococcal infections. Many plant polysaccharides have been prepared in our laboratory and characterized as to their chemical and immunological properties (4). As part of this work, a polysaccharide from a common food plant, the safflower or Carthamus tinctorius, was investigated. To our knowledge there have been no previous studies on polysaccharide from this plant species.
Inhibition studies were carried out by incubating overnight at 37° horse antiserum to Type III pneumococci with safflower polysaccharide, SSS-III, and uronic acids. The incubated antisera were then used in Ouchterlony testing, and examined for the presence or absence of the expected precipitin lines.
The ability of the safflowerr polysaccharide to generate antibody formation in the spleens of BALB/c mice was studied by the local hemolysis-in-gel technique of BAKER et al. (6, 7) . An outline of this procedure is as follows:
Eight-to 10-week-old mice were immunized by a single intraperitoneal injection of polysaccharide in 0.5 ml of saline. The mice were sacrificed after 5 days, and spleen cell suspensions were prepared.
Sheep erythrocytes were coated with polysaccharide by suspending them in saline containing CrCl3 and an appropriate amount (250 , tg) of polysaccharide. The erythrocytes were washed and then mixed with an aliquot (50 A) of spleen cell suspension in tubes containing melted agarose. The mixture was spread in a thin layer over the surface of glass slides, allowed to gel, and then incubated at 37° for 2 hr. The slides were then flooded with guinea pig complement, reincubated for 1 hr at 37°, and examined under low power magnification ( x 7) for the presence of zones of hemolysis. Each zone of complete hemolysis (plaque) represents the product of a single antibody-producing plaque-forming cell (PFC). Plaque inhibition studies were performed by adding 1-100 ng of polysaccharide to the melted agarose prior to the addition of the antigen-coated erythrocytes and an aliquot of spleen cell suspension known to contain about 80 PFCs; assay tubes not containing the added polysaccharide served as controls. Then the percent reduction in PFCs was determined for each concentration of polysaccharide added.
In one of the hemolysis-in-gel experiments, mice were immunized with 0.5 ,ug SSS-III and assayed for PFCs using indicator erythrocytes coated with safflower polysaccharide. The results obtained were compared with those found when SSS-III-coated indicator cells were used for assays with the same spleen cell suspension.
Three New Zealand white female rabbits of about 5 kg each were immunized with safflower polysaccharide according to the following procedure:
The rabbits were pre-bled, collecting from each animal enough blood to yield about 25 ml of serum; then each animal was inoculated intradermally at several sites with 1 ml of a suspension prepared by mixing 0.5 ml of a 2 mg/ml saline solution of "active" polysaccharide, first with 1 mg of methylated bovine serum albumin, fraction V (Miles Laboratory, Kankakee, Illinois), and then with 0.5 ml of Freund's complete adjuvant (Difco Laboratories, Detroit, Michigan).
The rabbits were again bled after 3 weeks, and then reinoculated intradermally at several sites with 1 ml of a polysaccharide-methylated serum albumin prepared as before, but with Freund's incomplete adjuvant. After another 3 weeks, the rabbits were bled for the third time, and then injected (intraperitoneally) at a single site with 1 ml of the polysaccharide-methylated-serum albumin-Freund's incomplete adjuvant mixture. The rabbits were bled a fourth time after 3 weeks, and then injected (subcutaneously) with another 1 ml of the polysaccharidealbumin suspension in Freund's incomplete adjuvant. After 3 weeks, the animals were bled for the fifth time. The subcutaneous injections and bleeding (3 weeks later) were repeated twice more.
The sera from each bleeding were tested by the Ouchterlony method for their ability to form lines of precipitation with safflower polysaccharide and SSS-III. The sera obtained after the third subcutaneous injection of safflower polysaccharide were also tested by the precipitin method.
Chemical analysis. Samples of polysaccharide were tested for ash content, pH, optical rotation, and nitrogen. The Molisch test was used to detect carbohydrate, and the iodine test was used to test for starch. Hexoses were estimated by the anthrone method, uronic acids by the carbazole method, and hexosamines by the MoRGAN-ELSON method. Pyruvic acid was estimated by the method of SLONEKER and ORENTAS (8). The presence of choline was determined by the method of HAYASHI et al. (9) . Fructose was estimated by paper chromatography of various hydrolysates, and in some cases by a variation of the cysteine-H2SO4 reaction of DISCHE and DEvI (10). The method of WARREN (11) was used to test for the presence of sialic acid, and the method of BAILEY (12) was used to detect sugar alcohols in the active safflower polysaccharide.
Hydrolyzed (0.1 N H2SO4 1 hr, 1 N H2SO4 1 hr, 2 N H2SO4 2 hr, 4 hr), neutralized (anion exchange resin) solutions of polysaccharides were chromatographed on Whatman No. 1 paper, using aniline malonate to detect the carbohydrate spots. The colored spots were cut out, and their carbohydrate content determined quantitatively by spot elution analysis (13).
One hundred mg of safflower polysaccharide was incubated 1 week at 37° with 50 mg of invertase from Baker's yeast, E.C. 3.2.1.26 (Sigma Chemical Co.), in 5 mg/ml solution of polysaccharide in 10 mg/ml phosphate buffer, pH 5, in a sealed tube with a few crystals of thymol. This enzyme acts on l-fructofuranosidases to hydrolyze -D-fructofuranoside residues from the terminal non-reducing end. The solution was then analyzed for carbohydrates by paper chromatography as above.
Twenty mg of safflower polysaccharide was incubated 1 week at 37° with 20 mg jS-glucuronidase (Product No. G-9625, E.C. 3.2.1.31) (Sigma Chemical Co.), in 2 ml phosphate buffer, pH 7. This enzyme acts on fi-D-glucuronides to release D-glucuronates from alcohols. The same was done with equal proportions of SSS-III.
The resulting solutions were tested by the Ouchterlony method with Type III pneumococcal antiserum, and for carbohydrates by paper chromatography. A sample of safflower polysaccharide was analyzed for amino acids according to the methods described in CALDES and PRESCOTT (14) .
RESULTS

Preparation of polysaccharides
Only the yellow flowers from approximately 75-day-old safflower plants yielded polysaccharide that produced lines of precipitate in the Ouchterlony test using antisera specific for Type III pneurnococcal polysaccharide. Of 30, 1-4 kg, batches of yellow safflower extracted, only 10 yielded polysaccharide with this degree of cross reactivity. The six most active polysaccharide preparations (positive in Ouchterlony tests at 1 mg/ml concentration) were used in the subsequent studies to be described; they were designated "active" safflower polysaccharide. A total of about 20 g was obtained. This represents a yield of about 0.15 % by weight of the flowers from which active polysaccharide was obtained, and about 0.03 VOL. 27 of the weight of all yellow flowers harvested. The yields of polysaccharide from the flower petals and leaves were higher (up to 3 %), but none of these polysaccharides had activity comparable to that of the active polysaccharide from the whole flowers, even though they did react to some degree with Type III antiserum specific for SSS-III in precipitin test (Table 1) .
The "active" polysaccharide from the safflower was heat stable. A sample kept at 105° overnight and another kept 1 month at 85° in a drying oven retained their activity. The samples stored in the desiccator or in saline solution with thymol at 4° were still active after several years.
Attempts to purify the safflower polysaccharide by repeating the trichloroacetic acid step resulted in loss of activity.
The yield of polysaccharide from the pneumococcal organisms was about 2 % of the moist weight of the whole organisms.
Most of the polysaccharides both from the safflowers and the pneumococcal organisms were white and fluffy in appearance.
Immunological testing
Safflower polysaccharide prepared from the yellow flowers of the plant gave precipitates with antisera obtained from animals immunized with Type III pneumococcal organisms at polysaccharide dilutions as high as 1 part/256,000 of saline. This is expressed as a precipitin titer of 256,000 (Table 1) . However, only 6 of the 30 batches prepared had titers as high as this. Precipitin and Ouchterlony testing was also done with polysaccharide from the other parts of the safflower plant and with polysaccharides from Type III and VIII pneumococci. Table 1 summarizes the data from these tests. In the Ouchterlony gel diffusion studies, lines of precipitation appeared between the wells containing safflower polysaccharide solution and the center well containing antiserum to Type III pneumococci. No lines of precipitation were produced using serum from unimmunized horses or rabbits; furthermore, antisera to other types of pneumococci (Types I-XX, XXII-XXV, XXXII, XXXIII) did not precipitate safflower polysaccharide. Figure 2 shows examples of results obtained in the Ouchterlony studies. In Figs. 2A and 2D the lines of precipitation between the safflower polysaccharide and the center well containing antiserum are confluent with the lines formed with the Type III pneumococcal polysaccharide. In another Ouchterlony cluster a separate band appears (Fig. 2B) . The lines of precipitation in the Ouchterlony plates made with Type III antiserum from rabbits tended to be more lumpy (Fig. 2C ) than the lines made with the horse antiserum.
Group specific pneumococcal "C" substance did not produce any lines in Ouchterlony testing with Type III horse or rabbit antisera, or with Type VIII rabbit antiserum.
Type VIII pneumococcal polysaccharide (SSS-VIII) gave lines of precipitation with Type III horse antiserum, but Type III pneumococcal polysaccharide (SSS-III) did not give lines with the Type VIII rabbit antiserum (Figs. 3A and B) .
Incubating the Type III horse antiserum with SSS-III or with safflower poly- The outer wells contained (1, 4) SSS-1I1, 1 mg/ml, (2, 3) safflower polysaccharide, 10 mg/ml, (5, 6) safflower polysaccharide 1 mg/ml. Figure C had rabbit antiserum in the center well. The others had horse antiserum.
saccharide from a batch active in Ouchterlony tests blocked the ability of the antiserum to precipitate both the SSS-III and the safflower polysaccharide in subsequent Ouchterlony tests. Incubating the antiserum with the same amount of safflower polysaccharide from an inactive batch, or with an inactive polysaccharide from another plant did not eliminate the ability of the antiserum to give lines of precipitation with SSS-III or safflower polysaccharide in the Ouchterlony tests, although much higher concentrations of the inactive polysaccharide resulted in thinner, fainter precipitation lines (see Table 2 ). Incubating antiserum from the A B Fig. 3 . Lines of precipitation in Ouchterlony testing with horse antiserum to Streptococcus pneumoniae Type III in the center well of (A), and horse antiserum to Streptococcus pneumoniae Type VIII in the center well of (B).
The other wells contained (1, 4) SSS-III, 1 mg/ml, (2, 3) SSS-VIII, 10 mg/ml, (5, 6) SSS-VIII, 1 mg/ml. rabbits immunized with safflower polysaccharide with SSS-III (2 mg/ml) eliminated the ability of the antiserum to form lines in Ouchterlony testing both with SSS-III and active safflower polysaccharide. Incubation of Type VIII antiserum with SSS-VIII polysaccharide (1 mg/ml) eliminated the ability of Type VIII antiserum to form lines with SSS-VIII in Ouchterlony tests, but much larger concentrations up to 30 mg/ml of S-VIII in Type III antiserum did not prevent the formation of lines with SSS-III and "active" safflower polysaccharide in Ouchterlony testing. The number of antibody-forming PFCs detected after immunization with 0.5 µg of safflower polysaccharide averaged about a third of the number detected after immunization with the same dose of Type III pneumococcal polysaccharide (SSS-III). When the immunizing dose of safflower polysaccharide was increased, the number of PFCs detected also increased to match values obtained in mice immunized with SSS-III. However, at relatively high immunizing doses, the safflower nnlvcncchnride ~nve rice to fewer PFCc (ceo Tnhln ~l
The formation of hemolytic plaques could be completely inhibited by the addition of either "active" safflower or pneumococcal polysaccharide to the spleen cell suspension prior to mixing with the indicator red cells; but it required 2-3 times more safflower polysaccharide than pneumococcal polysaccharide to obtain complete inhibition (see Table 4 ).
It was also possible to coat erythrocytes with safflower polysaccharide so that they could be used as indicator cells for the detection of PFC in mice immunized with SSS-III; however, it required several times more safflower polysaccharide than SSS-III to give comparable values for numbers of PFC detected (see Table 5 ).
Serum from the three rabbits immunized with "active" safflower polysaccharide gave lines of precipitation in Ouchterlony testing using "active" safflower polysaccharide and SSS-III (Fig. 4) . Faint lines of precipitation were detectable after the intraperitoneal injection of polysaccharide; however, lines of precipitation became heavier after the first and second subcutaneous injections but remained relatively unchanged after the third. The sera from rabbits A and C gave double lines of precipitation with the active safflower polysaccharide. The inner lines were confluent with the lines formed from the SSS-III in the other wells. The serum from the third rabbit, B, gave only single lines of precipitation with the safflower polysaccharide. These lines were confluent with lines from SSS-III (see Fig. 4 ). None of the sera gave precipitation lines with Type VIII pneumococcal polysaccharide. Antisera giving precipitation lines in the Ouchterlony tests also gave high precipitation titers with "active" safflower polysaccharide and SSS-III in precipitin tests (Table 6 ). Such antisera could be diluted 1: 20 with saline and still give visible precipitates with 1 mg/ml "active" polysaccharide safflower or SSS-III. 
Chemical analysis
The results of the inorganic analyses are shown in Table 7 , as well as the results of the anthrone and carbazole analyses. The safflower polysaccharides showed a very strong Molisch's test for carbohydrate. The iodine test for starch was negative. The Morgan-Elson test performed on the "active" polysaccharide from the flowers revealed no hexosamines. The test for sialic acid and sugar alcohols was also negative, but 3;o pyruvic acid was found in the "active" polysaccharide. No choline was detected. Amino acid analysis detected aspartic acid, glutamic acid, serine, alanine, threonine, leucine, glycine, valine, isoleucine, and histidine. The total amount of amino acids detected was about 4 %. The "inactive" polysaccharides from the whole flowers contained as much fructose, in most batches as the "active" polysaccharide.
Hydrolysis of the "active" polysaccharide, 0.1 N H2SO4, for 1 hr yielded only fructose and arabinose in the hydrolysates. The hydrolysates, neutralized Well (A) contained antiserum from rabbit "A," well (B) from rabbit "B," well (C) from rabbit "C."
The upper wells (1) contained SSS-III,10 mg/ml. The lower wells (4) contained SSS-III, 1 mg/ml. The wells on the left side (2, 3) contained safflower polysaccharide, 10 mg/ml. The wells on the right side (5, 6) contained safflower polysaccharide, l mg; ml. Table 9 summarizes the data obtained from the hydrolysis of the polysaccharides prepared from the flower petals, seeds, and whole plants. The same carbohydrates were found, but in varying amounts. Table   7 . Chemical analysis of polysaccharides from safflower and Streptococcus pneumoniae. 
DISCUSSION
The present work shows that the "active" polysaccharide isolated from the safflower is very similar to Type III pneumococcal polysaccharide (SSS-III) in its immunological properties. In fact, "active" safflower polysaccharide may take the place of the latter in a variety of immunological procedures, including simple precipitin and Ouchterlony tests with antiserum to Type III pneumococci, production of antibody in mice reactive to SSS-III, and immunization of rabbits with the production of antiserum with a high precipitin titer to SSS-III. However, the "active" safflower was different in its dose -response characteristics in that up to 10 times more safflower polysaccharide was required to produce the same effect noted in using SSS-III.
The polysaccharide of Type III S. pneumoniae has been shown by previous investigators (1, 2) to consist of chains of D-cellobiuronic acid containing D-glucuronic acid linked to D-glucose in j31-4 glucosidic linkage. The cellobiuronic acids are joined to each other by p1-3 linkages in which the 1 position of the glucose is attached to the 3 position of the glucuronic acid. The 1-3 linkage is Table   9 . Carbohydrate analysis of hydrolysates of safflower polysaccharide. VOL. 27 much more sensitive to acid hydrolysis than the 1-4 linkage. Cellobiuronic acid also makes up part of Type VIII pneumococcal polysaccharide (SSS-VIII), which cross reacts with SSS-III. In our study the "active" safflower polysaccharide was also found to cross react with antiserum to Type III pneumococci, though to a much smaller degree than noted with Type III antiserum. Glucose and uronic acid are present in "active" safflower polysaccharide, although it was not established that the uronic acid involved is glucuronic acid. Chemical analysis revealed that the immunoactive safflower polysaccharide contains 6 % of uronic acid (presumably glucuronic acid) by the carbazole reaction. If this uronic acid is chemically linked to the glucose present by a p1-4 glucosidic linkage, this would provide enough cellobiuronic acid to account for the cross reactivity with SSS-III. The cellobiuronic acid units would have to be linked to each other in pl-3 linkages to form chains of sufficient length to be immunologically active. The rest of the polysaccharide might act as a carrier to enhance this activity.
The heat stability and negative optical rotation of the "active" safflower polysaccharide indicates a preponderance of n-type linkages. The destruction of immunological activity by ~-glucuronidase is also an indication that the ability to cross react with Type III pneumococcal antiserum is associated with 8-linked glucuronic acid. Type III-specific pneumococcal polysaccharide, which is exclusively 5-linked, is also heat stable and can be inactivated by jS-glucuronidase.
The precipitin titer of the "active" safflower polysaccharide with antiserum to Type VIII pneumococci was small, only 1,000, even though galactose was found in the safflower polysaccharide, and galactose and ~-linked glucuronic acid have been shown to be present in Type VIII pneumococcal polysaccharide (SSS-VIII) (1). The galactose constituted 1/10 of the total dry weight of the "active" safflower polysaccharide (Table 8) , and about 1/7 of a sample of SSS-VIII prepared in this laboratory. Apparently the presence of galactose does not enhance the reactivity of "active" safflower polysaccharide with antisera to Type VIII pneumococci.
Since the polysaccharides prepared from parts of the safflower plant other than the flowers, as well as the inactive batches extracted from flower heads, contained amounts of glucose and uronic acid comparable with that of immunologically active batches, the configuration of these components must be different in the active batches if they are responsible for the activity. The inactive batches from the flower heads contained amounts of fructose comparable to that of the active batches, so that the mere presence of fructose would not account for the differences in activity. The quantity of protein, 4 % as judged by the amount of amino acids detected was not considered sufficient to influence the immunological activity of the safflower polysaccharide. It did, however, account for the nitrogen in the inorganic analysis.
Two lines were seen in many of the Ouchterlony tests using "active" safflower with Type III pneumococci-specific antisera. The inner line of precipitation was confluent with the lines formed with the antiserum and SSS-III. The outer line from the "active" safflower polysaccharide was not confluent with the line from SSS-III. The same phenomenon was observed in Ouchterlony tests with rabbits immunized with the "active" safflower polysaccharide (Fig. 4) . Apparently the "active" safflower polysaccharide has two components reacting with the Type IIIspecific pneumococcal antiserum. One of the components is more similar in chemical configuration to SSS-1[II than the other since its lines of precipitation in the Ouchterlony test were continuous with those from SSS-III. The "active" safflower polysaccharide components must be more similar than SSS-VIII is to SSS-III in chemical configuration because SSS-VIII does not inhibit the ability of Type III-specific antiserum to form lines with SSS-III, even at the relatively high concentration of 30 mg/ml (Table 2) , whereas even at low concentration, 1 mg/ml, it prevents formation of lines with SSS-VIII. The other component of "active" safflower polysaccharide, which caused the lines not confluent with the SSS-III lines, may be chemically similar to another polysaccharide of the Type III pneumococci used for immunization. This other polysaccharide would not be C substance, however, since C substance did not react with the Type III antiserum in the Ouchterlony tests. The fact that normal horse and rabbit serum did not produce any lines of precipitation with "active" safflower polysaccharide shows that the antibodies in this study are not a normal component of horse or rabbit serum. At least two different species of antibodies react with safflower polysaccharide since the pneumococcal antibody in horse antiserum is known to be high molecular weight IgM type, and the anti-pneumococcal antibody in rabbit antiserum to be low molecular weight IgG (15). The anti-pneumococcal antibody in the local hemolysis-in-gel technique in mice is of the IgM type (16).
The dose of SSS-III that elicits the most hemolytic plaques in the localized hemolysis-in-gel assay of BAKER et al. (17) is 0.5 µg. Larger or smaller amounts produced smaller numbers of plaques. In the present work, when the immunizing dose of safflower polysaccharide was increased to 5µg, the number of antibodyforming cells detected was close to the number found with 0.5 µg dose of SSS-III. Fifty µg of safflower polysaccharide gave rise to as many plaques as the 0.5 µg dose of SSS-III. Fifty µg of SSS-III, however, elicited no plaque formation, indicating immunological paralysis (17). Thus safflower polysaccharide, though less immunogenic than SSS-III at lower doses, can maintain its immunogenicity at a ten times higher dose. At the relatively very high dose of 200 µg, however, the safflower polysaccharide can also induce immunological paralysis to SSS-III in mice. Again these results could be explained by the presence of a small proportion of polysaccharide produced by the safflower plant which is identical or similar in chemical configuration to SSS-III.
The safflower plant, therefore, contains a complex polysaccharide which is VOL. 27 capable of cross reacting with Type III S. pneumoniae and its type-specific soluble polysaccharide (SSS-III) in serological testing. Also, it is capable of eliciting the production of cross reacting antibodies in mice and rabbits. Its gross chemical composition is very different from SSS-III, but it appears to contain some of the same components, and perhaps a small amount of material chemically identical to the immunodominant group of SSS-III; this material appears to be present in many plants. In previous experiments FELTON et al. (4) have shown material of this type to be effective in protecting mice from pneumococcal infection. Work is continuing in our laboratory to extract, purify, and chemically characterize immunologically active polysaccharides from other plants and to further study their immunological properties.
